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Human populations, along with those of many other species, are thought to have contracted into a number of refuge areas at the height
of the last Ice Age. European populations are believed to be, to a large extent, the descendants of the inhabitants of these refugia, and
some extant mtDNA lineages can be traced to refugia in Franco-Cantabria (haplogroups H1, H3, V, and U5b1), the Italian Peninsula
(U5b3), and the East European Plain (U4 and U5a). Parts of the Near East, such as the Levant, were also continuously inhabited
throughout the Last Glacial Maximum, but unlike western and eastern Europe, no archaeological or genetic evidence for Late Glacial
expansions into Europe from the Near East has hitherto been discovered. Here we report, on the basis of an enlarged whole-genome
mitochondrial database, that a substantial, perhaps predominant, signal from mitochondrial haplogroups J and T, previously thought
to have spread primarily from the Near East into Europe with the Neolithic population, may in fact reflect dispersals during the Late
Glacial period, ~19–12 thousand years (ka) ago.The last Ice Age, which ended 11.5 thousand years (ka) ago,
was an era of great climatic uncertainty, with dispersed
populations in some regions driven into safe havens at
times of greatest stress such as the Last Glacial Maximum
(LGM), ~26–19 ka ago. Investigating these glacial refugia
has long been a favorite pursuit of phylogeographers.
The genetic diversities of many species across a huge
taxonomic range have been mapped to various putative
refugia, often but not always at low latitudes.1,2 Perhaps
the clearest example is the Beringian refugium, fromwhich
modern humans spread into the Americas.3–5
For humans, the issue is further complicated by the
possibility of other dispersals, stimulated, for example, by
technological change or social factors rather than climatic
oscillation, and models were first provided by archaeolo-
gists; in particular, in the case of Europe, by Dolukha-
nov.6–8 He proposed two major European refugia: one
centered on the southwest and one on the northeast. The
Franco-Cantabrian ‘‘Mediterranean province’’ provided
refuge for the ‘‘biotidal’’ zone of Atlantic Europe,9 con-
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The Amnean. The ‘‘Periglacial province’’ was on the East European
Plain and may have provided a favorable refugium for
Upper Palaeolithic communities of central and eastern
Europe. These twomajor zonesweredominatedby radically
different settlement patterns: cave sites in the south and
west, and open-air sites in the east.7,8
Substantial archaeological evidence has accumulated for
Dolukhanov’s basic model. The recolonization of western,
central, and northern Europe from the Franco-Cantabrian
refugium appears to be documented by the expansion of
the Magdalenian industry, coinciding with or slightly
preceding global warming beginning ~15 ka ago.10,11 By
the time of the Younger Dryas cold spell that preceded
the start of the stable, warm Holocene, 11.5 ka ago, these
groups eventually came into contact with Swiderian
groups dispersing westwards from the East European Plain,
which, unlike Franco-Cantabria, subsequently became de-
populated after the re-expansions.8
From the genetic point of view, it has been suggested
that the second principal component of classical marker
variation in Europe may have been formed by the Latersfield HD1 3DH, UK; 2Institute of Integrative and Comparative Biology,
imento di Biologia e Biotecnologie, Universita` di Pavia, Pavia 27100, Italy;
gia 06123, Italy; 5Department of Evolutionary Biology, University of Tartu
gy Foundation, Salt Lake City, UT 84115, USA; 7IPATIMUP (Instituto de
, Portugal; 8Vavilov Institute of General Genetics, Moscow 119991, Russia;
ghdad 10001, Iraq; 10Dipartimento di Scienze Neurologiche, Universita` di
l Institute for Genetic Engineering and Biotechnology (NIGEB), Tehran
of Biology, 301 66 Pilsen, Czech Republic; 13Department of Statistics,
niversidade do Porto, Porto 4200-319, Portugal; 15Archaeology, University
6School of Archaeology, Classics and Egyptology, University of Liverpool,
ersita` di Pavia, Pavia 27100, Italy
Genetics. All rights reserved.
erican Journal of Human Genetics 90, 915–924, May 4, 2012 915
Glacial expansion,12 and there has been evidence from
mtDNA for human expansions from the Franco-Canta-
brian refugium; namely, signatures in haplogroups V,12,13
H1, H3,14,15 H5,16 and U5b1b17,18 as well as in haplogroup
U5b3, indicating dispersal from the Italian Peninsula,19
and in U4 and U5a, indicating expansion from the East
European Plain.20,21 As for the male-specific region of the
Y chromosome (MSY), previous studies suggested that
the European frequency clines associated with R1a-M17
and R1b-M173 (xM17) (now called R1b-M269) might
have been due to population expansions from Ukrainian
and Franco-Cantabrian refugia, respectively.22–24 Although
a more complex scenario is emerging from the progressive
improvement of the Y chromosome phylogeny,25–29 signs
of post-LGM re-expansions from eastern European,
Iberian, and southern Balkan refugia are suggested by the
distribution of some R (R1a-M458, R1b-M412)25,27 and I
(I-M423)30 subclades, respectively. By contrast, the
majority of mtDNA haplogroups J and T131,32 and Y chro-
mosome haplogroup J,22 along with G2a and E1b1b1a1b
(on the basis of ancient-DNA studies),33–35 have been
proposed as candidates for markers of the Neolithic expan-
sion into Europe from its origin in the Fertile Crescent of
the Near East.16
There is, however, another potential refugium for Euro-
pean genetic variation, which is not present in Dolukha-
nov’s model and does not appear to have been considered
seriously by either archaeologists or geneticists. Studies
have established that populations persisted throughout
the last glaciation in parts of the Near East, such as the
Levant36 and coastal southern Turkey, and that genetic
variation in the Near East encompasses much of the diver-
sity now found in Europe. It is possible that the Near East
has been overlooked as a refugium for Europeans because
of the emphasis throughout much of the twentieth
century on its role as a reservoir for subsequent Neolithic
dispersals, which first reached southeastern Europe ~9 ka
ago. For example, the first principal component of varia-
tion in classical markers in western Eurasia has often
been regarded as evidence for a demic diffusion of people
into Europe during the Neolithic period,37 and various
mtDNA and MSY lineages thought to originate in the
Near East have been proposed as markers of the Neolithic
dispersal. Therefore, to investigate the possibility of
Late Glacial dispersals into Europe from the Near East
~19–12 ka ago, we decided to reevaluate the roles of
mtDNA haplogroups J and T.
Previous studies comparing haplogroup J and T mtDNAs
across the Near East and Europe relied primarily upon
variation in the first hypervariable segment of the control
region (HVS-I).31,32,38,39 Although they suggest a combina-
tion of Neolithic and earlier dispersals, these studies suffer
from limited phylogenetic and chronological, and hence
also phylogeographic, resolution, which we can now
address by assaying the variation in complete mtDNA
genomes. Very few whole mtDNA genomes from the
Near East have been published, however. (The Near East916 The American Journal of Human Genetics 90, 915–924, May 4, 2is broadly the scholarly equivalent of the modern political
‘‘Middle East.’’40 A broad definition would include the
territories between Anatolian Turkey and northeastern
Egypt to the west through the territories between the
Levant [Israel-Palestine, Lebanon, Jordan, and Syria] and
Iraq and Iran to the east, the South Caucasus [Georgia,
Armenia, and Azerbaijan] to the north, and Arabia to the
south.We generally follow this definition here, but we treat
the South Caucasus as a distinct region and include Egypt
with the rest of North Africa.) We targeted 215 new J and
165 new T complete mtDNA sequences, focusing particu-
larly on Mediterranean Europe, the Caucasus, and the
Near East, selected on the basis of their control-region vari-
ation and subhaplogroup status, as identified by restriction
analysis, combining them with 522 previously available
sequences in a comprehensive phylogenetic analysis.
To significantly increase the size and range of the data-
base available to us and thereby enhance the robustness
of our conclusions, we then used these data to infer
haplogroup status for sequences in the large control-region
database now available, and analyzed these data phylogeo-
graphically. The more precise results we have been able
to obtain by this approach strongly suggest that though
there may indeed be signatures of Neolithic dispersals
into Europe, there are also clear indications of Late Glacial
movements from the Near East refugium dating back at
least ~16 ka.
For all new subjects involved, we obtained appropriate
informed consent and approval from institutional review
boards at the Universities of Pavia, Tartu, and Leeds and
at the Sorenson Molecular Genealogy Foundation. We
amplified and sequenced the mtDNAs as previously
described.41 We scored mutations using Sequencher
(Gene Codes) relative to the revised Cambridge Reference
Sequence (rCRS).42
We generated a maximum-parsimony phylogeny of 902
complete JT sequences (Figures S1 and S2 available online,
summarized in Figure 1; sequences listed in Tables S1
and S2). We named clades and subclades according to
the nomenclature established by PhyloTree43 and Behar
et al.,44 with some exceptions: we considered variants at
nucleotide positions (nps) 152, 195, 16261, and 16519 as
diagnostic, given that these typically unstable mutations
become sufficiently stable in the specific JT genetic envi-
ronment as to be diagnostically reliable. We estimated coa-
lescence times, using both maximum likelihood (ML) and
the r statistic45 (Table 1), with the Phylogenic Analysis by
ML (PAML) and Network 4 packages and several molecular
clocks developed previously.3,46 We then used the substan-
tial volume of control-region data now available (37,239
samples) in order to correct for any biases arising from
the use of targeted whole genomes when drawing
phylogeographic inferences and to provide much larger
sample sizes. We examined the geographic distribution of
haplogroups J and T and their subclades using the HVS-I
database, taking into account HVS-II information where
available, and using the whole-genome tree to classify as012
Figure 1. Schematic Representation of J and T Phylogenies
The trees are based on the maximum-parsimony phylogenetic tree of 902 complete mtDNA sequences shown in detail in Figures S1 and
S2. Clades and subclades have been colored according to their inferred geographic origin.many as possible into subclades (Tables S3 and S4). We pre-
sented the data visually as both phylogenetic networks
(using Network 4 with heavy weighting to enforce the
whole-genome tree topology as much as possible) and
Surfer spatial distribution maps (Figure S3). We also used
Network 4 and DnaSP to calculate diversity indices inThe Amwestern Eurasia for haplogroups that we inferred from
the HVS-I database (Table S5). We assigned the most likely
source region for major clades in the whole-sequence
tree with reference to the HVS-I networks and diversity
statistics, although the latter required interpretation in
light of the former; in complex demographic scenarios,erican Journal of Human Genetics 90, 915–924, May 4, 2012 917
Table 1. Ages Calculated for the Entire JT Phylogeny with the Use
of ML and r Estimates
Clade n
ML Estimates
(ka) r Estimates (ka)
Complete
Sequencea
Complete
Sequencea
Coding
Regionb
JT 902 58.0 5 7.5 56.2 5 7.4 55.8 5 8.8
J 451 43.3 5 6.1 34.5 5 4.9 30.3 5 5.0
>J1 337 33.3 5 6.2 25.0 5 4.0 21.5 5 3.7
> > J1b 74 23.1 5 3.1 21.9 5 3.3 24.2 5 4.7
> > > J1b1 39 20.5 5 2.9 22.9 5 4.5 22.6 5 5.5
> > > > J1b1a 25 14.2 5 2.8 12.9 5 2.7 11.8 5 2.1
> > > > J1b1b 14 18.2 5 3.2 17.6 5 3.9 17.1 5 4.6
> > > J1b2 13 9.35 4.2 6.0 5 2.1 7.1 5 3.2
> > > J1b3 5 11.8 5 5.6 7.4 5 2.5 5.5 5 2.6
> > J1c 234 16.4 5 2.0 13.5 5 1.4 14.1 5 1.5
> > > J1c1 30 11.1 5 1.9 11.1 5 1.9 13.2 5 2.8
> > > J1c2 63 9.55 1.4 9.4 5 1.3 10.9 5 1.7
> > > J1c3 41 11.1 5 2.5 10.5 5 1.6 11.1 5 1.8
> > > J1c4 14 7.95 2.4 5.2 5 1.3 5.3 5 1.7
> > > J1c5 14 9.05 2.2 8.1 5 1.6 10.2 5 2.4
> > > J1c7 36 13.6 5 3.7 12.3 5 3.0 11.9 5 3.9
> > > J1c8 9 5.85 2.3 4.6 5 1.2 3.1 5 1.3
> > > J1c12 7 15.3 5 2.1 18.6 5 3.5 21.1 5 4.7
> > J1d 28 19.9 5 5.9 16.5 5 2.4 16.6 5 2.8
> > > J1d1 11 15.6 5 4.8 12.6 5 3.4 13.8 5 4.2
> > > J1d2 17 19.9 5 5.9 17.2 5 2.5 18.4 5 3.4
>J2 114 36.8 5 5.5 32.9 5 5.0 33.4 5 6.0
> > J2a 54 31.9 5 5.1 33.9 5 6.0 30.6 5 6.4
> > > J2a1 29 16.4 5 5.1 13.9 5 4.1 14.6 5 5.1
> > > > J2a1a 27 10.9 5 2.4 8.4 5 1.9 9.6 5 3.0
> > > J2a2 25 20.3 5 3.5 18.7 5 3.0 19.9 5 3.6
> > J2b 60 20.2 5 4.3 15.3 5 3.1 18.5 5 4.5
> > > J2b1 55 15.6 5 2.4 12.4 5 1.7 13.5 5 1.6
> > > > J2b1a 27 11.3 5 1.8 9.3 5 1.3 10.1 5 1.9
> > > J2b2 5 11.2 5 3.8 9.0 5 2.5 9.2 5 3.9
T 451 28.8 5 6.4 27.8 5 4.5 26.1 5 5.3
>T1 144 21.0 5 6.6 20.3 5 4.9 13.8 5 2.6
> > T1a 126 17.2 5 2.9 15.6 5 3.4 14.3 5 3.0
> > > T1a1 102 15.5 5 2.8 13.1 5 3.1 14.0 5 3.6
> > > > T1a1a 78 11.0 5 3.9 9.0 5 2.7 13.1 5 4.6
> > > > > T1a1a1 75 6.85 0.9 6.4 5 0.7 8.5 5 1.2
> > > T1a2 7 6.55 4.1 6.0 5 2.9 5.3 5 3.5
> > > T1a3 5 15.1 5 2.9 14.5 5 2.9 18.4 5 4.1
> > T1b 16 10.8 5 2.6 7.7 5 1.5 10.1 5 2.4
Table 1. Continued
Clade n
ML Estimates
(ka) r Estimates (ka)
Complete
Sequencea
Complete
Sequencea
Coding
Regionb
>T2 307 21.3 5 2.3 19.8 5 2.6 20.5 5 3.4
> > T2a 38 17.1 5 3.9 16.0 5 3.8 21.5 5 6.1
> > > T2a1 35 14.5 5 3.0 13.6 5 3.0 18.2 5 4.7
> > > > T2a1a 23 6.3 5 1.5 6.5 5 1.4 8.25 2.1
> > > > T2a1b 9 13.5 5 1.8 17.4 5 3.6 23.6 5 5.6
> > T2b 146 9.7 5 1.1 10.3 5 1.0 9.85 1.2
> > > T2b1 5 6.2 5 2.0 5.2 5 1.7 6.55 2.4
> > > T2b2 12 7.6 5 1.9 9.0 5 2.9 6.15 1.7
> > > T2b3 18 8.8 5 2.6 13.1 5 3.5 4.45 1.6
> > > T2b4 21 8.2 5 1.8 8.7 5 1.6 8.65 1.7
> > > T2b5 7 6.4 5 2.5 6.4 5 2.4 5.35 2.3
> > > T2b23 5 3.3 5 1.8 15.8 5 3.6 17.5 5 4.8
> > T2c 28 20.3 5 2.4 26.6 5 5.7 24.5 5 5.9
> > > T2c1 27 18.5 5 2.7 21.2 5 4.0 20.7 5 3.8
> > T2d 10 20.4 5 2.4 30.4 5 5.7 32.3 5 6.4
> > > T2d1 7 17.1 5 3.4 24.0 5 5.2 27.0 5 6.1
> > T2e 32 11.1 5 2.3 10.4 5 1.8 8.95 1.3
> > > T2e1 10 9.1 5 2.4 9.0 5 1.8 10.1 5 2.3
> > T2f 18 17.1 5 4.0 18.7 5 4.9 21.0 5 6.5
> > > T2f1 12 12.1 5 3.7 16.2 5 5.8 20.0 5 8.4
> > > T2f2 3 7.0 5 3.3 6.1 5 2.3 7.75 3.4
> > T2g 8 11.3 5 4.5 8.2 5 2.2 6.95 4.2
> > T2h 5 15.5 5 3.4 12.3 5 2.8 15.7 5 4.0
Ages are shown for all J and T subclades until the fourth hierarchical level and,
in general, only when encompassing at least five individuals.
aAccording to the time-dependent clock of Soares et al.;46 ML and r used for
calculations.
bAccording to the coding-region clock of Mishmar et al.57 revised by Perego
et al.3
918 The American Journal of Human Genetics 90, 915–924, May 4, 2exemplified by human prehistory, the region with the
highest diversity is not necessarily always the most likely
source. We identified likely founder lineages by using basic
phylogeographic principles, as used before for the founder
analysis of HVS-I data.32 For example, a situation in which
a clade whose members are found primarily in one region,
but which nests within a deeper clade whose members are
found in a second region, suggests that the second region is
most likely the source and that there has been a dispersal to
the first (sink) region at some time during the evolution of
the branch defining the nested subclade. Such geographic
specificity is rarely 100% precise; we pinpointed potential
back-migrants from sink to source as isolated derived
subtypes within clusters of sink lineages.
The JT tree (outlined in Figure 1; see Figures S1 and S2 for
details) confirms the presence of two main phylogenetic012
Figure 2. Spatial Frequency Distribution Maps of Haplogroups J and T and Geographical Locations of Populations Surveyed
Coalescence ages are reported according to ML estimates. Populations and corresponding percentage frequency values are listed in
Table S3.clusters, J and T, with no intermediates. The ML age esti-
mates suggest that JT arose ~58 ka ago, probably before
the settlement of the Fertile Crescent according to current
evidence, and that J and T diverged within the timeframe
of settlement in the Fertile Crescent, ~40 ka (with ML;
~35 ka with r) and ~30 ka ago, respectively (Table 1). Frag-
ments of both J and T now extend well beyond their core
Near Eastern and European range into North Africa, the
Indian subcontinent, and central Asia (Figure 2, Table
S3). Several age estimates for deeper coalescences within J
(J itself and J1) are substantially older when calculated
with ML than when calculated with r, but most estimates
are comparable across methods.
Haplogroup J makes up almost 9% of mtDNAs in Europe
and ~13% in the Near East. The geographic distribution of
its subclades supports the view that haplogroup J initially
diversified in the Near East. A single lineage from the
North Caucasus, defined only by the recurrent HVS-I
transition at np 16193, branches immediately before J1d
in our tree, and may represent a paraphyletic lineage
within J1. If so, it would be the only lineage found not
to fall within one of the five major subclades of hap-
logroup J; possible related lineages in the control-region
database are found in Turkey, close to the likely source
area for J1.
Haplogroup J1 (Figure S1), dating to ~33 ka ago (with
ML; ~25 ka ago with r), encompasses ~80% of total J line-
ages and includes three subclades that originated in rapid
succession around the time of the LGM. Both J1b (~23 ka
ago) and J1d (~20 ka ago) are predominantly Near Eastern.
J1b is found especially in Iran and Arabia, with a European
subclade, J1b1a, dating to ~14 ka ago. J1d extends from the
Near East and Arabia into eastern Africa, Iran, the North
Caucasus, and central Asia.
J1c, on the other hand, which dates to ~16 ka ago, is
found primarily in Europe, especially central Europe, theThe AmBalkans, and the Ukraine, where it encompasses almost
80% of total J1 lineages. Although it is found in parts of
the Near East at low frequencies, the HVS-I network indi-
cates that these are either very common or tip lineages,
suggesting that they are the result of more recent back-
migration from Europe. The whole-genome tree shows
a clear star-like pattern with at least 12 basal subclades,
most dating to 10–15 ka ago. Haplogroup J, often identified
as J1 and in a few cases as J1c, has been found in Neolithic
remains from northern Spain, France, Germany, and
Sweden and in aMesolithic specimen fromGermany dated
to 4.5–5.5 ka ago.34,35,47–50
The much rarer haplogroup J2 (Figure S1) is also older,
dating to ~37 ka ago overall and comprising J2a and J2b,
which date to ~32 and ~20 ka ago. It is predominantly
Near Eastern but has European subclades J2a1 and J2b1,
both of which date to 15–16 ka ago. Within Europe, J2a1
is focusedmainly in central Europe and is largely comprised
of J2a1a, which dates to ~11 ka ago, whereas its minor
sister subclade J2a1bhas been seen only inGreece and Italy.
J2b1 is focused more on Mediterranean-central and
Atlantic Europe, with the Near Eastern part of the clade
also found on the East European Plain. Its almost-entirely-
European subclade, J2b1a, dates to ~11 ka ago.
The Near Eastern and Arabian parts of both J2a and J2b
also spill into northeastern Africa and, in the case of the
former, northwestern Africa as well; J2a2b is found across
northwestern Africa and even as far afield as Siberia, and
J2a2d is also found in Algeria and the Canary Islands.
Like haplogroup J, haplogroup T falls into two distinct
subclades, T1 and T2. However, the structure of these sub-
clades is more complex than that of the five nested
subclades found in J. Both T1 and T2 include several para-
phyletic lineages, and whereas T1 falls into just two nested
subclades, T2 displays at least nine, although a single one,
T2b, encompasses about half of T2 among Europeans.erican Journal of Human Genetics 90, 915–924, May 4, 2012 919
Haplogroup T makes up almost 10% of mtDNAs in Eu-
rope and ~8% in the Near East. Like J1 and J2, T1 and T2
most likely originated in the Near East, and both date to
~21 ka ago, although the origin of T2 is the least clear and
an ancient presence in Europe is possible. T1 represents
~2% of overall genetic variability in western Europe and
~3% in eastern Europe and the Near East, whereas T2
reaches ~8% in western Europe and ~5% in the Near East.
T1 (Figure S2) divides into the major T1a and the minor
T1b subclades, dating to ~17 ka and ~11 ka ago, respec-
tively. There is also a single paraphyletic T1* lineage,
sampled in Iran, and a possible additional one from Iraq
(although the latter in particular could be a revertant).
Possible HVS-I matches to the former occur in Iran, Greece,
Macedonia, Armenia, and a number of locations across
central Asia, as far northeast as Siberia.
T1a represents ~90% of total T1, and our new data have
prompted substantial revision of its tree structure and
nomenclature. Alongside minor subclades T1a2, T1a3,
and T1a4, as well as several (mainly European) paraphy-
letic T1a* lineages, 80% of samples in the T1 tree fall
within the subclade T1a1 (dating to ~15.5 ka ago), and
70% of the samples in T1a1 fall within T1a1a1 (Table S2).
The geographic distribution of T1 is extraordinary—line-
ages are distributed, albeit at varying frequencies, across
its range throughout the tree, from northwestern Africa
throughout Europe, the Caucasus, and the Near East,
into western India, and across central Asia into Siberia.
The South Asian lineages tend to cluster with or match
Near Eastern ones in the HVS-I network, but common
HVS-I types frequently match across an extremely wide
range. Indeed, the root type of T1a1a1, dating to ~7 ka
ago, is very unusual among whole-genome mtDNA types
in that it is shared between multiple geographically
distant individuals from Scandinavia, the Baltic, the North
Caucasus, Anatolia, and Morocco. The distribution of
T1a is both widespread and patchy, although at low
frequencies overall, the values rise to ~5% in the South
Caucasus, ~6% in northeastern Iran, ~8% in Tunisia, and
almost 9% in Romania (Table S3). Curiously, despite the
age of T1a1a1, it has not been seen in any Neolithic
remains to date.33–35,47–49 T1b, by contrast, is much less
common and is largely restricted to the Near East, where
it reaches ~2% in eastern Anatolia and southern Iraq but
is vanishingly infrequent elsewhere.
Haplogroup T2 (Figure S2), which dates to ~21 ka ago,
forms the major part of haplogroup T in terms of both
frequency (predominating in western Europe, where it
reaches ~80% of total T lineages) and number of basal
clades (at least nine, T2a–T2i). T2 is most frequent in Medi-
terranean and central and western Europe (~8%, reaching
almost 13% in northern Italy) but is also common (up to
~10%) in some parts of the Levant and Iran. The whole-
genome data show that about three-quarters of T2 varia-
tion in Europe can be classified into subclades through
the use of HVS-I data, but less than half of the variation
in the Near East and the Caucasus can be so classified.920 The American Journal of Human Genetics 90, 915–924, May 4, 2By far the most common subclade within T2 is T2b,
which is predominantly European, dates to ~10 ka ago,
and is quite star-like, with 13 named basal subclades
(T2b1–T2b24), along with at least seven more unnamed
subclades represented by only two complete sequences
each, as well as a large number of (mostly European) para-
phyletic T2b* lineages; no doubt many more subclades
remain to be discovered. The larger of the T2b subclades
date to ~6–9 ka ago and are predominantly European,
albeit with evidence of substantial gene flow into the
Near East. A clear example is T2b4, which includes a small
derived subclade, identifiable in the HVS-I network, which
appears to have spread into the Gulf region and further
into Nepal, but the existence of several other lineages
(either matching common and diverse European lineages
or those derived from predominantly European clusters)
throughout the HVS-I network points to multiple migra-
tions into the Near East from Europe. Near Eastern
matches usually include eastern Europeans, suggesting
a probable route back into the Near East. The early pres-
ence of T2 in Europe (even with the assumption that it
arose in the Near East) suggests that ancestors of T2bmight
have been present in Europe well before the age of
T2b itself, at any time back to the LGM, although T2b
seems to have been dispersed within Europe during the
early Neolithic period. T2b has been identified in Neolithic
remains from Italy, Spain, France, Germany, and
Sweden.33–35,47–49 It has also been identified in aMesolithic
Pitted Ware sample from Scandinavia, dating to 4.0–4.8 ka
ago, during the period of coexistence with Funnel Beaker
farming communities, suggesting the possibility of assimi-
lation of lineages from the Neolithic period into the
hunter-gatherer population.46
Several of the minor subclades also appear to have
a European origin. The two subclades of T2f, which dates
to ~17 ka ago, are both recognizable in HVS-I and appear
to be almost entirely European, with very minor dispersal
back into the Near East, mainly the Levant. T2f1, dating
to ~12 ka ago, is more frequent in north-central Europe
but extends across eastern Europe and into central Asia,
whereas the younger T2f2, dated to ~7 ka ago, has
a more restricted distribution in Italy, the Balkans, and
north of the Black Sea. Moreover, there is a T2f* sequence
from France. T2a dates to ~17 ka ago and appears to
have originated in the Near East and spread to Europe in
several waves of dispersal. Its major subclade, T2a1, dates
to ~14.5 ka ago and divides into two further subclades,
T2a1a (~6 ka ago) and T2a1b (~13.5 ka ago), which appear
likely to have entered Europe during the Neolithic and the
Late Glacial periods, respectively. Only T2a1b is detectable
in HVS-I data; it has a patchy distribution, being mainly
distributed around the Mediterranean but also in parts of
northern and eastern Europe (Figure S3). Its HVS-I network
suggests a possible dispersal from Europe back into the
Near East ~7–8 ka ago. T2e also has a clearly identifiable
HVS-I motif and, dating to ~11 ka ago, also appears to be
predominantly southern European and Mediterranean. It012
is also present as far as Scandinavia (with a founder effect
in Iceland), with a patchy distribution and some spread
into Egypt and the Near East, especially Arabia. It has
been identified in two Mesolithic remains from Germany
dating to ~4.5–5.4 ka ago.48
T2c and T2d, on the other hand, appear to have a Near
Eastern origin around the time of the LGM and more
recent dispersals into Europe. Most of T2c comprises hap-
logroup T2c1, which is identifiable fromHVS-I and appears
likely to have a Near Eastern origin ~18.5 ka ago and
dispersals into Europe within the past ~10 ka. Apart from
a peak in Cyprus, it is most common in the Gulf region
but is also found in the Levant and in Mediterranean
Europe, with a more far-flung distribution at very low
levels. The antiquity of T2c, at ~20 ka ago, makes it the first
subclade to diverge from T2, and if we assume a Near
Eastern origin for T2, then a Near Eastern ancestry for
T2c would alsomake sense. The earliest diverging sequence
in the whole-genome tree, prior to the emergence of T2c1,
is from India, also hinting at a Near Eastern rather than
a European origin for T2c (although the affiliation of this
sequence is supported by only a single coding-region
position and could be spurious). T2d is the same age as
T2c and also has a curious distribution that might suggest
a possible Near Eastern origin. All of the six whole genomes
of known ancestry within T2d1 (dating to ~17 ka ago)
are from India, Siberia, or Mongolia, and of the HVS-I
sequences identified within T2d1a, three are from India
and two are from Iran. The three whole T2d2 genomes,
unidentifiable with HVS-I, are from Iran, Georgia, and
Italy.
Several minor T2 subclades, such as T2g, T2h, and T2i,
are found in both Europe and the Near East and remain
enigmatic. Additional subclades, represented by only two
complete mtDNAs each, along with many more paraphy-
letic members of T2, have so far been seen almost exclu-
sively in Europe and date collectively (as a paragroup) to
the Late Glacial period.
Before drawing conclusions from these data, several
methodological points should be made. First, well-sourced
control-region data are far from becoming redundant in
the age of whole mtDNA genomes, at least until the latter
are numbered in their tens or hundreds of thousands,
because the level of phylogeographic information in-
creases directly with the sample size. Second, however,
the various population-diversity statistics calculated from
HVS-I data (and probably other genetic systems as well)
are often contradictory (Table S5), and, even when this is
not the case, they cannot reliably be used, for example,
to pinpoint source populations in any algorithmic fashion.
Rather, this can be attempted only with reference to
a phylogeny, if any effort is to be made to account for
the complexity of real human dispersal patterns. Of course,
this caveat concerning diversity statistics applies even
more to haplogroup frequencies.
Third, there are cases where control-region sequences,
although valuable, are difficult to analyze in the absenceThe Amof knowledge of the phylogenetic tree topology that comes
from whole genomes. Incorrect network reconstructions
resulting from excessive homoplasy may lead to the
misidentification of founder lineages and, in rare cases,
such as position 16296 in haplogroup T2,51 may result in
overestimation of coalescence or founder times. Although
an HVS-I network of haplogroup T, for example (position
16296 aside), maps reasonably cleanly onto the structure
of the whole-genome tree, this is much less true for
haplogroup J, where the deepest split is invisible and
a number of sites that are not normally hypervariable
evolved several times in different parts of the tree,
such that different branches are conflated in the HVS-I
phylogeny. In both cases, at any rate, there are hidden
branches, and therefore hidden phylogeographic struc-
ture, in the HVS-I analyses that appear only in the
whole-genome tree; it is some of these, for example, that
now suggest a European presence of a number of lineages
long before the arrival of the Neolithic period.
Our analysis confirms that haplogroups J and Tand their
major subclades (J1 and J2, T1 and T2) most likely arose in
the Near East between the time of first settlement by
modern humans and the LGM. The overall age estimate
for JT is very similar to that for the second basal
haplogroup R clade in western Eurasia, haplogroup U, at
~58 ka ago. Both date to the beginning of the pluvial
marine isotope stage (MIS) 3, at which point haplogroup
R lineages emerging in the vicinity of the Gulf Oasis on
the southern route out of Africa are likely to have begun
their dispersal north into the Fertile Crescent.52,53 It seems
plausible to regard JTand U as belonging tomembers of the
same early human group, ancestral to both Near Easterners
and Europeans.
Haplogroups J and T evidently started to spread from the
Near East into Europe immediately after the peak of the last
glaciation, ~19 ka ago, with major expansions in Europe
in the Late Glacial period, ~16–12 ka ago, signaled
in particular by J1c, J1b1a, J2a1, T1a1, T2a1b, and T2f1,
and in the immediate postglacial period, ~10–11 ka ago,
signaled by T2b and T2e. The clearest evident signal that
dates to the Neolithic period is T1a1a1, which is extremely
widespread and dates to ~7 ka ago, but the distribution of
diversity in the whole-sequence tree suggests that this may
have been an expansion that began in Europe and spread
to the Near East, central Asia, and North Africa. Indeed,
several lineages previously thought to have spread to
Europe during the Neolithic period can now be seen to
have arrived during the Late Glacial period and subse-
quently dispersed: a clear example is J2a1, which appears
likely to have arisen in Europe at least 16 ka ago but to
have dispersed across central Europe ~11 ka ago, in the
form of the subclade J2a1a. Similarly, J1b1a appears to
have arrived in Europe by at least 14 ka ago but to have
spread beyond Mediterranean Europe only ~8 ka ago.
Indeed, the major T2 lineage, T2b, although displaying
a star-like pattern dating to ~10 ka ago, suggesting an
expansion across Europe at the time of the early Neolithicerican Journal of Human Genetics 90, 915–924, May 4, 2012 921
period, may well have arisen indigenously within Europe
from a T2 ancestor.
Our results show, therefore, that both J and T lineages
first entered Europe from the Near East prior to the
Neolithic period, in the Late Glacial period beginning
~19 ka—and that, by implication, many of the Neolithic
expansions from southeastern Europe into central Europe
and the Mediterranean might have been indigenous
dispersals of these lineages. Therefore, they support Dolu-
khanov’s model of Late Glacial re-expansions but suggest
a modification to the model proposing the expansions to
have taken place primarily from refugia in Franco-Iberia
and the Ukraine.8 We therefore need to ask whether there
is any archaeological signature that might indicate
dispersal from the Near East into southeastern Europe in
this timeframe.
Western Anatolia is clearly a possible bridge for such
dispersals. There is significant evidence for human settle-
ment on the southern flanks of the Taurus mountains
from the LGM through the Late Glacial period, notably
in the Antalya area,54 suggesting that the archaeologically
well-represented populations of the Levant continued
along the more extensive Late Glacial coastal plain of
southern Turkey and neighboring Taurus flanks. Dis-
persal along such coastal areas is thus quite plausible,
although currently there is no convincing substantive
evidence for an Epipalaeolithic population in the coastal
areas of Aegean Anatolia. This might be due to sea-level
rise and alluviation and colluviation of valleys in western
Turkey.
The mass of the Anatolian plateau, over 1,000 m above
sea level, might be considered challenging for Late Glacial
populations. Until recently the Epipalaeolithic commu-
nity of the Anatolian plateau was unknown, but we
now have evidence for such a community in the Bølling-
Allerød Late Glacial climatic amelioration that com-
menced ~14.7 ka ago, via Baird’s excavations at the site
of Pınarbasxı.55 This Epipalaeolithic plateau community
showed significant links with Mediterranean coasts and
the Levant and suggests that highly mobile groups were
ranging widely over parts of the Anatolian plateau.55
This opens up the possibility that Late Glacial western
Anatolian plateau populations may also have ranged into
Europe, perhaps via land bridges across the Dardanelles
and the Bosphorus, which arose during glacial periods.
We should also consider the appearance of the rather
weakly defined and poorly understood Epi-Gravettian
industry in Mediterranean and eastern Europe from ~18
ka ago onward.56 This is often thought to have arisen
from the European Gravettian and/or the Late Aurignacian
industries,56 but a casemight bemade for a hybrid industry
emerging as a result of cross-fertilization from new arrivals,
perhaps present only in a minority, from the Near East.
Renewed archaeological attentionmight help to illuminate
this issue further. In particular, in addition to southeastern
Europe, further work in Anatolia would seem to be key to
testing the model suggested by mtDNA.922 The American Journal of Human Genetics 90, 915–924, May 4, 2Supplemental Data
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